The Gippsland Water Factory (GWF), owned and operated by Gippsland Water in south eastern Australia, is a 35,000 m 3 /day water reclamation facility which treats 16,000 m 3 /day of domestic wastewater and 19,000 m 3 /day of industrial (pulp and paper) wastewater through parallel membrane-bioreactor (MBR)-based treatment trains prior to discharge to the Pacific Ocean via the Regional Outfall Sewer. A portion of the domestic train MBR effluent is further treated through a chloramination and reverse osmosis (RO) system for reclamation, as needed to augment the regional water supply, and is supplied to Australia Paper, the source of the industrial wastewater treated at the GWF. While use of the MBR/RO combination for water reclamation is expected to provide advantages, little full-scale experience exists. Consequently, this paper reports operational and performance results for the first four years of operation for the MBR/RO water reclamation train.
INTRODUCTION
The Gippsland Water Factory (GWF), owned and operated by Gippsland Water (GW) in south eastern Australia, is a 35,000 m 3 /day water reclamation facility which treats 16,000 m 3 /day of domestic wastewater and 19,000 m 3 /day of industrial (pulp and paper) wastewater through parallel membrane-bioreactor (MBR)-based treatment trains prior to discharge to the Pacific Ocean via the Regional Outfall Sewer (ROS). A portion of the domestic train MBR effluent is further treated for reclamation, as needed to augment the regional water supply, and is supplied to Australia Paper, the source of the industrial wastewater treated at the GWF. As illustrated in Figure 1 , domestic wastewater treatment consists of headworks (screening and grit removal), primary treatment in an activated primary clarifier, membrane bioreactor (MBR), followed by chloramination and reverse osmosis (RO). Industrial wastewater treatment consists of pre-treatment in covered anaerobic lagoons, followed by a separate MBR. Waste sludges from the domestic train are directed to the industrial anaerobic pre-treatment system. a, b). More stable biological treatment is expected due to the retention of biomass that occurs in an MBR, due to the relatively long solids retention time (SRT). However, circumstances have not resulted in the construction of many full-scale municipal wastewater reclamation facilities using MBR followed by RO. Consequently, full-scale experience from the GWF can provide valuable insight into the The initial mixed zone is 28% of the bioreactor volume, the main aerated zone 48%, and the second anoxic zone 24%.
MATERIALS AND METHODS

Plant description
The aerated cells in the membrane tanks add a further 4% volume to the system. Recycle from the submerged membranes is directed to the main aerobic zone rather than the initial mixed zone because of the elevated dissolved oxygen (DO) concentrations it contains. Mixed liquor (ML) recirculation from the main aerobic to the initial mixed zone at a rate of four times the design average flow is also provided. Process modeling during design indicated that biological phosphorus removal would occur, even though a dedicated anaerobic zone was not provided. Ferric chloride feed capability was also provided as a back-up, although it has not been used as sufficient phosphorus removal has been achieved as predicted.
This performance is described further below.
Analytical procedures
Much of the data presented were obtained through routine operation of the full-scale GWF using standard sampling and certified analytical procedures. Details of these procedures have been documented elsewhere (GWF ; Daigger et al.
)
, and interested parties are referred to these documents for further details.
RESULTS
The domestic treatment train, except for the RO facility Table 2 with the design values and 
RO performance
The RO facility became operational in early 2010. However, addressing filtration integrity issues associated with the MBR was generally the focus during 2010 and 2011, and this led to infrequent RO operation through this period.
Improved filtration integrity, and the resulting decrease in turbidity, was achieved by late 2011, allowing more consistent operation of the RO system for process proving and optimization purposes during 2012. The RO system was operated only intermittently during 2013 and 2014 as reclaimed water was not needed by GW to meet the overall water supply needs of its service area. Consequently, this analysis focuses largely on operation during 2012.
A detailed summary of RO influent quality is presented in Table 6 for the period of January through October 2012, compared to the specified design influent quality. Both 50th and 90th percentile values are presented. Influent values exceeding the specified design values are indicated in bold. The principal issues indicated by these data are iron and manganese (because of potential oxidation and fouling of the RO membranes), and nitrogen and phosphate species (because of the stringent reclaimed water discharge standards and potential for precipitation of calcium phosphate within the second stage of the RO system). Actual total dissolved solids (TDS) values were significantly less than the design value. Even considering that operating temperatures were generally lower than the 90th percentile design value of 26 W C, the head on the RO feed pumps was more than sufficient to achieve the specified flux and recovery at the observed TDS values. 
DISCUSSION
Performance results for the MBR-RO water reclamation
train at the GWF demonstrate the robustness and resilience of this process combination. In spite of significant membrane filtration system integrity issues experienced with the domestic MBR during its initial operating phase, reliable online monitoring of both conductivity and TOC removal, as implemented at the GWF) can be supplemented by occasional confirmation of effluent quality.
SUMMARY AND CONCLUSIONS
In spite of initial operational and performance issues, the GWF has operated successfully and met its performance requirements. Water reclamation is practiced only when required to supplement the regional water supply during periods of drought. Operation, to date, has allowed GW to gain a full understanding of the operational procedures required to achieve the intended capacity and performance.
Consequently, the facility is fully available when needed as a drought-proof supplemental water supply. MBR membrane integrity issues were unexpected but have been successfully dealt with, and it is understood that the lessons derived from this experience have been applied elsewhere by the membrane supplier. GW owns and operates other wastewater treatment facilities which use activated sludge processes with clarifiers, and consequently has a basis for evaluation of the decision to use the MBR process at the GWF rather than a more conventional activated sludge process followed by tertiary membranes and RO. GW is fully satisfied with selection of the MBR process for the GWF, and on the basis of several years' operational experience at GWF, it is reasonable to conclude that the combination of MBR and RO is a viable means of producing reclaimed water from municipal wastewater at a very high quality standard.
